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Abstract In the present work, the mixing of fuel and air in an isothermal high-intensity swirling flow in a model 
combustor has been examined computationally. The focus is on the Reynolds -averaged Navier–Stokes computations of the 
momentum and scalar transport employing turbulence models based on the differential second moment closure (SMC) 
strategy Prediction results are validated against measurements. 
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1. Introduction 
     The mixing of fuel and air plays a significant role 
key in combustion systems with respect to pollutant 
formation and emissions and chemical reactions. For 
modern low-emission gas turbines, the level of 
mixing between fuel and oxidant prior to combustion 
is a crucial design parameter. For instance, lean well 
mixed low NOx combustion is an essential feature of 
modern power generating gas turbines. Single digit 
NOx emissions, in some case even below 3ppm, are 
now achievable without catalytic after-treatment but 
only with considerable optimization of the fuel/air 
mixing. Because of the great practical importance of 
mixing several methods such as numerical, analytical, 
and experimental analyses have been used to study 
and predict this phenomenon. 
2.  Mathematical formulation 
The turbulent flow of an incompressible fluid is 
described by the realized equations of Navier Stocks 
expressed in a stationary regime by: 
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Where: iU  and iu'  are the components average 
and fluctuating speed in the direction ix , P is the 
pressure, ν is kinematic viscosity and ρ is the density  
 
 
 
of the fluid. Additional equations must be derived 
for the terms from constraints of Reynolds 
ji uu ''   . 
2.1. Turbulence Model   
In the model with constraints of Reynolds (RSM), 
the terms 
ji uu '' are calculated starting from their own 
transport equations written in the general form: 
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In its version SSG [10], the term of correlation 
between the fluctuations in pressure and the 
deformation of the fluctuations speed ji , are 
expressed by: 
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average shearing is, 
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average tensor of vorticity, 
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 is the 
tensor of anisotropy and 
ijijij bb its invariant.  The 
turbulent kinetic energy is evaluated starting from its 
definition 2'' ll uuk  , turbulent viscosity by its 
modeling in the model  209.0 kt  and the scalar 
 is obtained by its transport equation of the 
model k . 
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The constants of the model are presented in table 1 
 
           Table 1:RSM_SSG constants model  
 
 
 
 
 
 
2.3. Geometrical Configuration:  
The calculations were carried out using an 
atmospheric air blast atomizer in a cylindrical 
combustion chamber. The atomizer consists of a 
modular arrangement of two radial swirl generators, 
an atomizer lip which separates the two airstreams 
from each other within the nozzle, and an air diffuser 
with a throat diameter of D0=2R0=25 mm. 
For both airflows a constant air preheats temperature 
of T0= 50 °C has been selected. The mass flow rate of 
air is adjusted to 64 kg/h (Mi/Mo=0.37). Theoretical 
swirl numbers S0,th of the inner as well as the outer 
airflow are Si=0.46 and So=1, resulting in global swirl 
number of 0.81. The Reynolds number is calculated 
as the product of the axial average air velocity at the 
nozzle exit (39.9 m/s) and the throat diameter of the 
diffuser divided by the kinematic viscosity of the air 
and yields approximately 60 000. 
 
 
 
 
 
 
 
2.4. Solving method:  
The resolution of the equations is carried 
numerically in a grid of 1.1 cells million of the 
triangular type. The transport equations of all the 
required sizes are solved in steady operation, by 
diagram QUICK coupled with the SIMPLE algorithm 
for the determination of the field of pressure. The 
latter is estimated on the faces by diagram PRESTO. 
To accelerate convergence, the calculated sizes 
under-are released with each iteration. The models 
RSM-SSG is used in a grid of 2.3 million hexahedral 
cells.  
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Fig.1. Global View of chamber  
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                                    Fig. 2. Radial Profiles of mean component velocity at diverse sections 
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The computation results obtained are confronted 
with the real measurements carried out on the same 
configuration (geometry and conditions of entry) 
using a multiple probe of hot wire anemometer [17]. 
Fig. 2 present the radial profiles of the mean 
components of velocity at various stations. The first 
remark is that, all the results corroborate 
measurements qualitatively and highlight the 
existence of the of central recirculation zone defined 
by a negative axial velocity in the centre of the 
enclosure. For z<4Ro, that the turbulence model is 
able to predict the sizes speed with an acceptable 
degree. Beyond, of this position the turbulence model 
is unable. It has should be announced as the value the 
radial speed measured being non null on the axis 
beyond this station thus the flow cannot be 
axisymmetric. We have seen that the turbulent kinetic 
energy is correctly predicted by the turbulence model. 
It is seen that near the inlet region the comparison 
between the prediction calculated and experimental 
data is satisfactory,  again approaching the exit of the 
domain of calculation comparison is not good 
agreement like in measurements , where the flow is 
may to established.  Fig. 3 present the radial profiles 
of the mean mass fraction of  ch4 at different sections 
The mass fraction of CH4 is slightly overestimated by 
the SSG_RSM model with a pattern in the internal 
recirculation zone where the fuel (methane) mixed in 
the stream. Near the axis of the combustion chamber, 
the results predicted by the RSM model are in better 
agreement with experimental data compared. The 
comparison between predicted and measured radial 
profiles of the two reveals that the results predicted 
by the models are in good agreement with 
measurements. In the area outside which is 
dominated by the combustion air flow, oxygen 
concentrations predicted and measured increase in the 
maximum value. The use of the configuration of the 
counter swirl improve the quality of prediction, as 
shown in position x / R0 <3.6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig.3. Radial Profiles of kinetic energy and ch4 at diverse sections 
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Conclusion 
 
The differential RSM model can reasonably predict 
the shapes and the sizes of all the recirculation zones, 
the mean velocity components as well as the methane 
mass fraction radial profiles. 
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